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Hinza Batool Malik
Short-term 2020
Psy 290: Independent Study
The Effect of Long-term Stress on Hippocampus and the Involvement in the Pathophysiology
of Psychological Disorders, Suicide, and Alcohol Use Disorder
Stress is defined as the “relationship between the person and the environment that is
appraised by the person as taxing or exceeding his or her resources and endangering
wellbeing” (Folkman, Lazarus, Gruen, & DeLongis, 1986, p.2). When a stressor is
experienced,

our

body

activates

a

stress

response

mainly

through

the

hypothalamic-pituitary-adrenal (HPA) axis and the autonomic nervous system (ANS). As this
paper focuses on long-term stress, the focus would be on the hypo-hyper activity of the HPA
axis as it stimulates the adrenal cortex, not the adrenal medulla which mediates short-term
stress response that affects ANS. When the HPA axis is activated, either a hyper-or-hypo
response occurs that disturbs the body’s homeostasis. However, as soon as the stressor
finishes, the process of negative feedback begins to terminate the stress response and the HPA
axis activity reaches normal again (Mcewen, 2007).
The HPA axis is activated when any stressful stimuli cause the hypothalamus to
stimulate the anterior pituitary gland that releases the adrenocorticotropic hormone (ACTH).
ACTH further stimulates the adrenal cortex that releases cortisol, a primary glucocorticoid
stress hormone (Learning Lumen). A glucocorticoid hormone is any type of steroid hormone
produced by the adrenal cortex that is involved in metabolism and has anti-inflammatory
properties. Cortisol specifically is involved in the regulation of emotion, cognition, reward,
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immune functioning, and energy utilization (Adinoff, Ruether, Krebaum, Iranmanesh, &
Williams, 2003).
A short-term, acute stress response from the body is beneficial to humans as it enables
us to effectively cope with stress (Smith & Vale, 2006). For example, fear is a sense of an
immediate threat and a stress response such as the fight or flight response can be beneficial
for survival. Moreover, acute stress can be eustress as it has motivational properties for some
individuals e.g. when a deadline for an assignment is approaching. However, a long-term,
chronic stress response is distress as it persistently dysregulates homeostatic regulation and is
also detrimental to mental health.
Therefore, the length of time an individual experiences stress is an important variable.
In the case of behavioral problems such as aggression and attention problems, cortisol levels
are abnormally high when the behavioral problems begin but, reach an abnormally low level
when stress continues for an extended period of time. The abnormally low cortisol levels are
based on the body’s adaption to long-term stress which paves the way for a blunted affect.
(Ruttle et al., 2011).
In addition, to the length of time, a sustained hyper or hypoactivity of the HPA axis
results in abnormally high or low levels of glucocorticoids which can be detrimental to
human health. For example, due to the hypersecretion of glucocorticoids, an individual
begins to develop Cushing’s disease characterized by excessive glucose in blood and
accumulation of fat around the face and neck (Learning Lumen). With persistent
hyperactivity of the HPA axis, the levels of glucocorticoids continue to remain elevated from
normal levels. Therefore, as cortisol levels remain elevated, so do the glucose levels because,
cortisol increases the metabolism of glucose in order, to provide adequate energy to cope
with stress (Khani & Tayek, 2001)
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Moreover, cortisol levels can not only fluctuate due to stress but also, due to the
circadian rhythm (Dickmeis, 2008). Cortisol levels peak in the early morning and drop to the
lowest levels at night, but the cortisol peak varies according to the individual’s normal
wake-up time. Furthermore, cortisol levels do not correlate with age, gender, body
composition, and growth rate (Knutsson et al., 1997).
Glucocorticoids and Brain Damage
The hippocampus, a limbic system structure plays a fundamental role in learning and
memory. However, it is susceptible to damage by a sustained increase in glucocorticoid levels
because the hippocampus has the highest number of receptor sites for glucocorticoids
(Sapolsky, Krey & Mcewen, 1984). Recall glucocorticoids such as cortisol are released
during a stress response. The increased glucocorticoid level damages the hippocampus by
dendritic retraction, which is a reversible form of plasticity that results in dendritic
reconstruction without irreversible cell death. Although the hippocampus can recover from
dendritic retraction without a major cell loss, it remains vulnerable to neurotoxicity and
metabolic challenges during the time when levels of glucocorticoids remain elevated.
Moreover, the duration of dendritic retraction can last from weeks, months, to years (Conrad,
Magariños, Ledoux & Mcewen, 1999).
As mentioned above, a stress response is terminated through negative feedback and
the hippocampus receptor sites are susceptible to damage by elevated glucocorticoid levels.
As the hippocampus is responsible for providing negative feedback, Sapolsky et al. (1984)
research investigated if there was an impact of damaged hippocampus glucocorticoid receptor
sites on the levels of cortisol. The research findings supported that when the hippocampus
receptor sites for glucocorticoids were damaged in rats, the levels of cortisol remained
elevated because negative feedback was not provided by the hippocampus to terminate the
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stress response. Hence, chronic stress stimulates elevated levels of glucocorticoids that result
in the impairment of hippocampal functioning which further contributes to the dysregulation
of the HPA axis (Sapolsky et al., 1984).
Neurotoxicity and Metabolic Challenge
Neurotoxins cause damage to the brain or peripheral nervous system by exposure to
natural or man-made toxic substances e.g., lead and ethanol. The hippocampus is susceptible
to neurotoxin damage only when there is a history of chronic stress. This is because during
chronic stress the dendritic retraction lasts for at least 4 days which is a larger window than
for acute stress (Conrad, 2008). During acute stress, glucocorticoid levels reach baseline
within hours and thus, do not impair the hippocampal and the HPA axis functioning. Thus, a
history of chronic stress is critical for hippocampal susceptibility to neurotoxins as the
window for the process of dendritic retraction increases. This remains true even when acute
stress lasts for up to two weeks (McLaughlin, Gomez, Baran & Conrad, 2007).
A metabolic challenge includes restricted blood flow, low sugar, etc. Individuals with
chronic stress are vulnerable to an extended period of hippocampal plasticity. As a result, the
longer the period, the greater the likelihood of an occurrence of a metabolic event. The end
result can be a permanent hippocampal cell loss and/or an inability to recover from the
change in the hippocampus volume. As we will later discuss, antidepressant or
anti-glucocorticoid treatment is very helpful in the recovery of the hippocampal volume in
depression and/or PTSD. Therefore, sometimes the damage is not permanent but, the
possibility of permanent damage remains present that persists despite anti-depressant or
anti-glucocorticoid treatment (Conrad et al., 1999).
Affective Disorders
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The dysregulated hypothalamic-pituitary-adrenal (HPA) axis is associated with
preceding the development of an affective disorder, and we would explore how this
dysregulation correlates with hippocampal damage.
Depression
A widely supported phenomenon is that a stressful event not only contributes to the
development of depression but also, in the maintenance of depressive symptoms over time.
During a study, adolescents with depression and healthy controls were exposed to
psychosocial stress to record their cortisol levels, where both groups showed an increase in
cortisol levels after exposure to a stressful event. However, adolescents with depression
displayed a continued rise in cortisol levels while cortisol levels for healthy controls reached
the baseline level within an hour (Rao, Hammen, Ortiz, Chen & Poland, 2008).
Elevated cortisol levels have been associated with a reduced hippocampal volume
(Wiedenmayer et al., 2006) and hippocampal volume is negatively correlated with depressive
symptom severity (Bremner et al., 2000). The change in hippocampal volume explains why
ECT is a fast-acting treatment for depression. Nordanskog et al. (2014) observed an increase
in the hippocampal volume immediately after bilateral ECT however, the increase was not
permanent, and the hippocampus returned to its original volume within 6 months.
Therefore, a small hippocampal volume and dysregulated HPA axis with elevated
cortisol levels are major biological determinants of depression.
Bipolar Disorder
We have seen that the HPA axis is dysregulated in depression but, it also remains
dysregulated in individuals with bipolar disorder. The HPA axis continues to be compromised
in the offspring of parents with an affective disorder. Ellenbogen, Santo, Linnen, Walker, and
Hodgins’s (2010) longitudinal study concludes that the offspring of parents with bipolar had
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increased daytime cortisol level that continued through late adolescence and young
adulthood. Another study investigated the stability of salivary cortisol and found it to be
fairly stable over repeated sampling across a year among high-risk individuals (offspring of
individuals with bipolar) and healthy control individuals. The study measured cortisol levels
upon awakening, daytime, and evening because of cortisol diurnal rhythm. The research
found that salivary cortisol remained stable throughout early adulthood among high-risk
offspring. However, the yearly samples showed an exception for evening cortisol samples,
where healthy controls had higher cortisol levels than high-risk individuals (Goodday,
Horrocks, Keown-Stoneman, Grof & Duffy, 2016). Therefore, the subtle changes over time in
the HPA functioning could be associated with increased vulnerability for the development of
an affective disorder.
Another important finding is that the late-onset (equal or greater than 30 years) of
bipolar disorder is associated with life events and thus, perpetuated by stress. This was
supported by the research finding where hair cortisol levels were higher in individuals with
late-onset than in early-onset or healthy controls, where early-onset is linked to genetic
vulnerability (Manenschijn et al., 2012).
Eating Behavior
Stress has been found to be a stimulant that induces overeating which results in
weight gain. To become more specific, one of the studies focused on the type of food that is
eaten during stress. Dallman et al. (2003) found that chronic stress induces either an increase
in comfort food intake or a decrease in food intake. The food intake was directly proportional
to bodyweight so, if during a stressful period there was an increase in comfort food intake,
the researchers found a gain in body weight as well. The researchers also concluded that
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overeating of comfort food stimulates cortisol in response to stress that results in abdominal
obesity (Dallman et al., 2003).
Nevertheless, it is unclear if overeating is synonymous with binge-eating. However, if
binge-eating is synonymous with overeating, associations can be established to find the
answer to why individuals with bulimia have high comorbidity with depression (Patel, Olten,
Patel, Shah & Mansuri, 2018). When an individual suffers from chronic stress, the levels of
cortisol remain elevated which results in overeating (binge-eating) of comfort food. Quite
possibly, the comfort food could be high in sugar and fat, posing a threat of a metabolic
challenge and thus, making the hippocampus vulnerable to damage during dendritic
retraction. During that time, changes in the hippocampal volume can also occur, which could
decrease the hippocampal volume, recall a smaller hippocampal volume correlates with
depression. Therefore, individuals with bulimia binge-eat comfort food that poses a threat of
a metabolic challenge that results in lower hippocampal volume, resulting in an on-set for
depression. The assumption that comfort food could be high in sugar and fat, was supported
when the experimental group underwent laboratory-induced stress and ate sweeter, high-fat
foods than the control group, that did not undergo laboratory-induced stress (Oliver, Wardle
& Gibson, 2000).
Most of the metabolic challenges can be linked to obesity. In order, to find if the type
of diet had any subsequent effects on stress-induced hippocampal dendritic retraction, a study
on rats was performed. The study found that a high-fat diet exacerbated stress-induced
hippocampal dendritic retraction (Baran et al., 2005). Therefore, individuals can reduce the
risk of hippocampal vulnerability during times of stress through a fat reduction in their diet.
Post-traumatic Stress Disorder
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A small hippocampal volume and HPA axis dysregulation are also widely observed in
individuals with PTSD (Bremner et al., 1995). The presence of a traumatic event onsets
chronic stress and as we have seen, chronic stress causes changes in the hippocampal volume
(Gurvits et al., 1996). A study focused on Vietnam Veterans found that a smaller hippocampal
volume correlated with longer combat exposure. Hence, the longer the combat experience,
the longer the maintenance of elevated cortisol levels and thus, the probability of
hippocampal volume change and the duration of dendritic retraction increases. This trend was
visible in individuals without combat stress as well. Patients with PTSD who were exposed to
childhood sexual abuse or other trauma also displayed a smaller hippocampal volume which
like depression, correlated with symptom severity (Stein, Koverola, Hanna, Torchia &
Mcclarty, 1997; Villarreal et al., 2002). Antidepressant treatment was shown to increase the
hippocampal volume and thus, the symptoms of PTSD alleviated (Vermetten, Vythilingam,
Southwick, Charney & Bremner, 2003).
Alcohol Use Disorder
There has been a strong association between traumatic events, and the escalation of
alcohol use (Hasin, Keyes, Hatzenbuehler, Aharonovich & Alderson, 2007). Veterans who are
shown to develop PTSD were also at a higher risk of developing alcohol use disorder (The
Soldier's Heart). However, both alcohol consumption and withdrawal results in the elevation
of glucocorticoid levels and attributes to HPA dysregulation. As a result, the sustained
increase in glucocorticoids makes the brain susceptible to damage (Rose, Shaw, Prendergast
& Little, 2010). The brain structure mentioned recurringly in this paper, the hippocampus also
becomes vulnerable and this answers why even after treatment, some individuals continue to
suffer from cognitive deficits (Rose et al., 2010; Staples & Mandyam, 2016).
Suicide
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For most of the disorders discussed in this paper, there has been a trend of higher
cortisol levels, however, individuals vulnerable to suicide have lower cortisol levels,
especially upon awakening in the morning. Hence, lower cortisol levels predict suicidal
ideation. A stressful event, such as childhood trauma has been identified as an important
determinant of lower cortisol levels upon awakening and higher suicide risk during
adulthood. The childhood trauma is associated with a dysregulated HPA axis due to chronic
stress, which results in lower levels of cortisol during a stress response. A study found a
significant association between childhood trauma and low cortisol levels upon awakening,
which predicted higher suicidal ideation over the course of at least one month (O'Connor et
al., 2020).
There is no direct association between the changes in the hippocampus that are linked
with chronic stress that directly account for suicide. However, individuals with depression
have a lower hippocampal volume that can be associated with dysregulated HPA axis so, an
already lower hippocampal volume due to depression can be accounted for suicide. Around
15% of individuals who suffer from depression commit suicide (Nock, Hwang, Sampson &
Kessler, 2009) and the suicide rate increases if co-morbid disorders are present e.g.
depression and anxiety (Gonda, Fountoulakis, Kaprinis & Rihmer, 2007). Furthermore,
depressed suicide attempters have been observed to have a smaller hippocampus than
depressed patients without suicide attempts. The significant difference was not associated
with past attempts or since the first suicide attempt rather to the acute suicide attempts,
suggesting that a smaller hippocampal volume continues to be present in individuals with
depression during active suicidal ideation (Colle et al., 2015).
Conclusion
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Most disorders follow the Diathesis-Stress Model where the trajectory begins with a
predisposition vulnerability (early-onset bipolar) or no predisposition (late-onset bipolar).
However, the symptoms begin to precipitate once a major stressor is experienced with or
without a predisposition and the effects of chronic stress, in particular, perpetuate the
symptoms. As we have explored in this paper, chronic stress makes the hippocampus
vulnerable to damage and the reason why the hippocampus is so susceptible is that it has the
most receptor sites for glucocorticoids e.g., cortisol. The hippocampal damage e.g., the
changes in volume further perpetuate the symptoms of a disorder. Moreover, cortisol levels
can serve as a biomarker to predict the development of various disorders. For example, we
have seen lower cortisol levels upon awakening were a distinctive feature of active suicidal
ideation.
Indeed, stress plays a significant role in mental health but amidst today’s stressful
climate, stress is hard to dodge. Nevertheless, to nurture our mental health we should try to
minimize stress the best we can.

11
References
Adinoff, B., Ruether, K., Krebaum, S., Iranmanesh, A., & Williams, M. J. (2003). Increased
Salivary Cortisol Concentrations During Chronic Alcohol Intoxication in a
Naturalistic Clinical Sample of Men. Alcoholism: Clinical & Experimental Research,
27(9), 1420–1427. doi: 10.1097/01.alc.0000087581.13912.64
Baran, S. E., Campbell, A. M., Kleen, J. K., Foltz, C. H., Wright, R. L., Diamond, D. M., &
Conrad, C. D. (2005). Combination of high-fat diet and chronic stress retracts
hippocampal dendrites. Neuroreport, 16(1), 39–43.
doi:10.1097/00001756-200501190-00010
Bremner, J. D., Randall, P., Scott, T. M., Bronen, R. A., Seibyl, J. P., Southwick, S. M., …
Innis, R. B. (1995). MRI-based measurement of hippocampal volume in patients with
combat-related posttraumatic stress disorder. The American journal of psychiatry,
152(7), 973–981. doi:10.1176/ajp.152.7.973
Bremner, J. D., Narayan, M., Anderson, E. R., Staib, L. H., Miller, H. L., & Charney, D. S.
(2000). Hippocampal Volume Reduction in Major Depression. American Journal of
Psychiatry, 157(1), 115–118. doi: 10.1176/ajp.157.1.115
Colle, R., Chupin, M., Cury, C., Vandendrie, C., Gressier, F., Hardy, P., … Corruble, E.
(2015). Depressed suicide attempters have a smaller hippocampus than depressed
patients without suicide attempts. Journal of Psychiatric Research, 61, 13–18.
doi: 10.1016/j.jpsychires.2014.12.010
Conrad, C. D., Magariños, A. M., Ledoux, J. E., & Mcewen, B. S. (1999). Repeated restraint
stress facilitates fear conditioning independently of causing hippocampal CA3
dendritic atrophy. Behavioral Neuroscience, 113(5), 902–913.
doi: 10.1037/0735-7044.113.5.902

12
Conrad C. D. (2008). Chronic stress-induced hippocampal vulnerability: the glucocorticoid
vulnerability hypothesis. Reviews in the neurosciences, 19(6), 395–411.
doi:10.1515/revneuro.2008.19.6.395
Dallman, M. F., Pecoraro, N., Akana, S. F., La Fleur, S. E., Gomez, F., Houshyar, H., …
Manalo, S. (2003). Chronic stress and obesity: a new view of "comfort food".
Proceedings of the National Academy of Sciences of the United States of America,
100(20), 11696–11701. doi:10.1073/pnas.1934666100
Dickmeis, T. (2008). Glucocorticoids and the circadian clock. Journal of Endocrinology,
200(1), 3–22. doi: 10.1677/joe-08-0415
Ellenbogen, M. A., Santo, J. B., Linnen, A.-M., Walker, C.-D., & Hodgins, S. (2010). High
cortisol levels in the offspring of parents with bipolar disorder during two weeks of
daily sampling. Bipolar Disorders, 12(1), 77–86.
doi: 10.1111/j.1399-5618.2009.00770.x
Folkman, S., Lazarus, R. S., Gruen, R. J., & DeLongis, A. (1986). Appraisal, Coping, Health
Status, and Psychological Symptoms . Journal of Personality and Social Psychology,
50(3), 571–579 .
Gonda, X., Fountoulakis, K. N., Kaprinis, G., & Rihmer, Z. (2007). Prediction and prevention
of suicide in patients with unipolar depression and anxiety. Annals of general
psychiatry, 6, 23. doi:10.1186/1744-859X-6-23
Goodday, S. M., Horrocks, J., Keown-Stoneman, C., Grof, P., & Duffy, A. (2016). Repeated
salivary daytime cortisol and onset of mood episodes in offspring of bipolar parents.
International Journal of Bipolar Disorders, 4(1). doi: 10.1186/s40345-016-0053-5
Gurvits, T. V., Shenton, M. E., Hokama, H., Ohta, H., Lasko, N. B., Gilbertson, M. W., …
Pitman, R. K. (1996). Magnetic resonance imaging study of hippocampal volume in

13
chronic, combat-related posttraumatic stress disorder. Biological psychiatry, 40(11),
1091–1099. doi:10.1016/S0006-3223(96)00229-6
Hasin, D. S., Keyes, K. M., Hatzenbuehler, M. L., Aharonovich, E. A., & Alderson, D.
(2007). Alcohol Consumption and Posttraumatic Stress After Exposure to Terrorism:
Effects of Proximity, Loss, and Psychiatric History. American Journal of Public
Health, 97(12), 2268–2275. doi: 10.2105/ajph.2006.100057
Khani, S., & Tayek, J. A. (2001). Cortisol increases gluconeogenesis in humans: its role in
the metabolic syndrome. Clinical Science, 101(6). doi: 10.1042/cs20010180
Learning Lumen (n.d.). Biology for Majors II: Hormonal Regulation of Stress. Retrieved
from
https://courses.lumenlearning.com/wm-biology2/chapter/hormonal-regulation-of-stres
s/
Manenschijn, L., Spijker, A. T., Koper, J. W., Jetten, A. M., Giltay, E. J., Haffmans, J., …
Rossum, E. F. V. (2012). Long-term cortisol in bipolar disorder: Associations with age
of onset and psychiatric co-morbidity. Psychoneuroendocrinology, 37(12),
1960–1968. doi: 10.1016/j.psyneuen.2012.04.010
Mcewen, B. S. (2007). Physiology and Neurobiology of Stress and Adaptation: Central Role
of the Brain. Physiological Reviews, 87(3), 873–904. doi:
10.1152/physrev.00041.2006
McLaughlin, K. J., Gomez, J. L., Baran, S. E., & Conrad, C. D. (2007). The effects of chronic
stress on hippocampal morphology and function: an evaluation of chronic restraint
paradigms. Brain research, 1161, 56–64. doi:10.1016/j.brainres.2007.05.042

14
Nock, M. K., Hwang, I., Sampson, N. A., & Kessler, R. C. (2009). Mental disorders,
comorbidity and suicidal behavior: Results from the National Comorbidity Survey
Replication. Molecular Psychiatry, 15(8), 868–876. doi: 10.1038/mp.2009.29
Nordanskog, P., Larsson, M. R., Larsson, E. M., & Johanson, A. (2014). Hippocampal
volume in relation to clinical and cognitive outcome after electroconvulsive therapy in
depression. Acta psychiatrica Scandinavica, 129(4), 303–311. doi:10.1111/acps.12150
O'Connor, D. B., Green, J. A., O'Carroll, R. E., Branley-Bell, D., Ferguson, E., & O'Connor,
R. C. (2020). Effects of Childhood Trauma, Daily Stress, and Emotions on
DailyCortisol Levels in Individuals Vulnerable to Suicide. Journal of Abnormal
Psychology, 129(1), 92–107. doi:10.1037/abn000048292
Oliver, G., Wardle, J., & Gibson, E. L. (2000). Stress and Food Choice: A Laboratory Study.
Psychosomatic Medicine, 62(6), 853–865. doi: 10.1097/00006842-200011000-00016
Patel, R. S., Olten, B., Patel, P., Shah, K., & Mansuri, Z. (2018). Hospitalization Outcomes
and Comorbidities of Bulimia Nervosa: A Nationwide Inpatient Study. Cureus, 10(5),
e2583. doi:10.7759/cureus.2583
Rao, U., Hammen, C., Ortiz, L. R., Chen, L. A., & Poland, R. E. (2008). Effects of early and
recent adverse experiences on adrenal response to psychosocial stress in depressed
adolescents. Biological psychiatry, 64(6), 521–526.
doi:10.1016/j.biopsych.2008.05.012
Rose, A. K., Shaw, S. G., Prendergast, M. A., & Little, H. J. (2010). The importance of
glucocorticoids in alcohol dependence and neurotoxicity. Alcoholism, clinical and
experimental research, 34(12), 2011–2018. doi:10.1111/j.1530-0277.2010.01298.x
Ruttle, P. L., Shirtcliff, E. A., Serbin, L. A., Fisher, D. B., Stack, D. M., & Schwartzman, A.
E. (2011). Disentangling psychobiological mechanisms underlying internalizing and

15
externalizing behaviors in youth: longitudinal and concurrent associations with
cortisol. Hormones and Behavior, 59(1), 123–132. doi:10.1016/j.yhbeh.2010.10.015
Sapolsky, R. M., Krey, L. C., & Mcewen, B. S. (1984). Glucocorticoid-sensitive hippocampal
neurons are involved in terminating the adrenocortical stress response. Proceedings of
the National Academy of Sciences, 81(19), 6174–6177. doi: 10.1073/pnas.81.19.6174
Smith, S. M., & Vale, W. W. (2006). The role of the hypothalamic-pituitary-adrenal axis in
neuroendocrine responses to stress. Dialogues in clinical neuroscience, 8(4),
383–395.
Staples, M. C., & Mandyam, C. D. (2016). Thinking after Drinking: Impaired
Hippocampal-Dependent Cognition in Human Alcoholics and Animal Models of
Alcohol Dependence. Frontiers in Psychiatry, 7. doi: 10.3389/fpsyt.2016.00162
Stein, M. B., Koverola, C., Hanna, C., Torchia, M. G., & Mcclarty, B. (1997). Hippocampal
volume in women victimized by childhood sexual abuse. Psychological Medicine,
27(4), 951–959. doi: 10.1017/s0033291797005242
The Soldier's Heart, Episode 9. (2005, March 1). Retrieved from
https://www.pbs.org/wgbh/frontline/film/showsheart/
Knutsson U., Dahlgren J., Marcus C., Rosberg S., Brönnegård M., Stierna P., &
Albertsson-Wikland K. (1997). Circadian Cortisol Rhythms in Healthy Boys and
Girls: Relationship with Age, Growth, Body Composition, and Pubertal Development.
The Journal of Clinical Endocrinology & Metabolism, 82(1), 536–540. doi:
10.1210/jcem.82.2.3769
Vermetten, E., Vythilingam, M., Southwick, S. M., Charney, D. S., & Bremner, J. D. (2003).
Long-term treatment with paroxetine increases verbal declarative memory and

16
hippocampal volume in posttraumatic stress disorder. Biological psychiatry, 54(7),
693–702. doi:10.1016/s0006-3223(03)00634-6
Villarreal, G., Hamilton, D. A., Petropoulos, H., Driscoll, I., Rowland, L. M., Griego, J. A.,
… Brooks, W. M. (2002). Reduced hippocampal volume and total white matter
volume in posttraumatic stress disorder. Biological Psychiatry, 52(2), 119–125. doi:
10.1016/s0006-3223(02)01359-8
Wiedenmayer, C. P., Bansal, R., Anderson, G. M., Zhu, H., Amat, J., Whiteman, R., &
Peterson, B. S. (2006). Cortisol levels and hippocampus volumes in healthy
preadolescent children. Biological psychiatry, 60(8), 856–861.
doi:10.1016/j.biopsych.2006.02.011

